The localised irrigation or drop by drop system is a technique which makes it possible to save water, because it ensures a balanced and efficient distribution of water and an effective fertilization. However, this ferti-irrigation system is facing a number of problems hindering the agricultural development. The lack of uniformity of the localised irrigation was observed and found out that it is due to chemical clogging of drippers. Considering the complexity of the composition of the natural water used in micro-irrigation, we started our study by examining the effectiveness of the inhibitor on pure calco-carbonic water with 40˚F, and then moved to explore the natural water of the agricultural region. The Legrand-Poirier-Leroy method allowed us to determine the position of the irrigation water compared to calco-carbonic balance. LCGE (abbreviation of "Laboratory of Chemistry and Environmental Engineering") technique, based on the accelerated formation of calcium carbonate deposit under the effect of a degasification of studied water, enabled us to evaluate the scaling power of this water of irrigation either with or without inhibitor. The experimental results showed the following: in the case of pure calco-carbonic water with 40˚F and of natural water, the addition respectively of 2 mg/L and 2.25 mg/L of phosphate fertilizer completely inhibits the precipitation of calcium carbonate under the conditions of the experiment.
Introduction
In order to both avoid useless expenses and save environment, watering drip-drip system, also known as micro-* Corresponding author.
A. Hadfi et al. 1235 irrigation, ensures just distribution of the right quantity of water required for each plant. This system is not only inexpensive but also able to save water and guarantee good fertilization. However, this system of localized fertigation faces problems that constrain agricultural development. The lack of uniformity of drip irrigation has been observed and it is due to the chemical clogging of drippers which is leading to a decline in agricultural production [1] .
To prevent the precipitation of calcium carbonate met at the level of drip irrigation systems, we have limited ourselves in this study to looking into preventive chemical processes. This procedure followed is continuously injecting chemical inhibitors in small quantities in the pipeline of the irrigation water.
For agricultural application, it's necessary to use scale inhibitors easily assimilated by plants. That's why we chose a product that can play both the scale inhibitor and the role of fertilizer. In our present study, we are particularly interested in studying the effect of phosphate fertilizer. This product available in the local market is currently used as fertilizer. It is available in white solid form. It is used after dissolution in water.
Given the complexity of the composition of natural waters used in micro-irrigation, we studied the effectiveness of the inhibitor phosphate, first of all, in the pure calcocarbonic water at 40˚F (TCa similar to that of irrigation water, 1˚F (French degrees) corresponds to 10 mg/L of dissolved calcium carbonate or 4 mg/L of Ca 2+ ), and then in the natural water for irrigation. The study was carried out in the temperature of 25˚C. It's always proceeded by increasing amounts; the amount of designated tartrifuge for each test was introduced before the start of the manipulation. In all cases, the presence of tartrifuge does not modify the values of the TAC and TCa measured before the start of the experiment. The scale inhibitor of this inhibitory effect is evaluated by the technical LCGE. This method, proposed by Roques et al. [2] - [5] , aims at provoking the precipitation of the calcium carbonate by a degassing (displacement of the calco-carbonic balance in the sense of the formation of the calcium carbonate) of the studied water. The statement of the pH values and the concentration of Ca 2+ ion in the course of time, consequently, allow making a description of the kinetics of precipitation. The experimental installation is shown in Figure 1. 
Inhibition of Scaling by a Phosphate Fertilizer

Application for Pure Water at 40˚F
The phosphate fertilizer is a prevalent complex soluble fertilizer in water. It contains 11% nitrogen in the ammonium form and 55% phosphorus pentoxide (P 2 O 5 ). It is a product prepared by the Moroccan Company of Fertilizers and it is widely available in the local market.
The results obtained from the experimental data of the tests on pure calco-carbonic water at 40˚F, adding gradually increasingly quantities of MAP, carried out at 25˚C, are shown in Figures 2-4 . The analysis of these curves and kinetic modeling result in the values shown in Table 1 .
The analysis of these results made it possible to come up with the following findings: • The time of germination increases with the concentration of scale preventive. From the concentrations higher or equal to 2 mg/L (effective concentration) the inhibition becomes total and the precipitation is not observed during the test. • The pH at the point of germination of the treated water increases with the concentration of the inhibitor, it increases from 8.56 per 0 mg/L to 8.82 per 1.5 mg/L. The fall in pH is clearly evident in the test without the inhibitor, whereas when the concentrations are increasing, this fall becomes less remarkable.
• The degree of supersaturation at the time of germination undergoes an increase after the introduction of the scale preventive. It then ranges from 120.39 to test at 0 mg/L to 224.03 at 1.5 mg/L of scale preventive.
• The precipitation follows a diffusion model concerning the test without inhibitor. It is modelled by the model of Reddy for tests with the inhibitor. The scale preventive effect of the ions orthophosphates, in particular ion 3 4 PO − , is due to its surface adsorption on the crystals of calcite according to Reddy [6] and Berner [7] . Simkiss [8] clarified that the ion 3 4 PO − may locally substitute 2 3 CO − in the crystal architecture of calcite. This substitution disrupts the electrostatic field due to the difference between the two valence ions thus preventing the formation of a new layer 2 3 CO − ion and therefore blocks the crystal growth. Stumm et al. [9] have reported the possibility of their side, in a pH which ranges from 6.8 to 8.3, the epitaxial growth of apatite calcite which is also in the sense of the possibility of substitution by 3 4 PO − ions 2 3 CO − at the level of implantation surface of the calcite crystal again confirms the dimensional compatibility of the two ions species. 0.847
In the case of phosphate fertilizer used here, the phosphate grouping is introduced in the form of monohydrogen phosphate. The small introduced quantities have no significant effect on the pH of the solution. However, the degassing causes alkalinization of the medium, which stabilizes the anion 3 4 PO − which can substitute 2 3 CO − [8] . The electrostatic field is obviously locally disturbed (the phosphate ion carries three loads (-) instead of two for the ion carbonates). The stacking of successive layers of calcite is disturbed and the growth of the germs is thereby stopped.
Application to Agricultural Waters
The Legrand-Poirier-Leroy method is a calculation method based on the thermodynamic equilibrium involving all calco-carbonic species and incorporating the effect of the ionic strength due to other major species. This method has the advantage to be applicable to most types of fresh water and to forecast the characteristics of a water following various treatments of equilibration.
This method allowed us to determine the position of the irrigation waters compared to calco-carbonic equilibrium. Thus, we determined, by means of the software Legrand-Poirier-Leroy (LPLWin), the supersaturation coefficient and the potential quantity of calcium carbonate that should precipitated a liter of water to reach equilibrium. Table 2 illustrates the physicochemical characteristics and the results of the thermodynamic predictions obtained using the Legrand-Poirier-Leroy method the water. The ionic balance is 0.32%, which is satisfactory. The coefficient of supersaturation is 2.53, which proves that the type of this water is calcifying and the quantity of calcium carbonate which it must deposit to reach equilibrium is 36.13 mg/L.
The representation of Legrand-Poirier-Leroy applied to water leads to the curves represented on Figure 5 . It is noted that the position of the figurative point M is located in the zone of calcifying water. Following this study, we were interested in the effect of the phosphate fertilizer on the water of agriculture. This study was carried out by means of the LCGE at a temperature of 25˚C. Figures 6-8 represent curves LCGE of the natural water after adding increasingly quantities of phosphate fertilizer.
The analysis of these curves and kinetic modeling leads to the values presented in Table 3 . Indeed, we notice that in the presence of the chemical inhibitor, the curves of precipitation of calcium carbonate undergo modifications: • The speed of scaling decreases according to the content of the inhibitor introduced into the solution.
• The pH at the point of germination of the treated water increases with the concentrations of the inhibitor, it moves from 8.27 per 0 mg/L to 8.99 per 2 mg/L. The fall of the pH appears clearly in the test without inhibitor, whereas when the concentrations are increased, the fall becomes less remarkable.
• The rate of supersaturation at the time of germination undergoes an increase after the introduction of the scale preventive. Then it varies from 73.62 for the test with 0 mg/L to 386.36 per 2 mg/L of scale preventive.
• The precipitation follows a diffusional model in the test without inhibitor. It is modeled by the Reddy model for tests with the inhibitor.
Conclusions
